Absfract-In this paper, a novel phase-shifted pulse width modulation (PS-PWM ) automatic voltage regulator (Am) with fast voltage control and reduced total harmonics is proposed The novel PS-PWM AVR is made up of an AUAC converter w i t h reversible voltage control and a transformer for series voltage compensation. In the active rectifier, a proper switching operation is achieved without the problem of power factor correction. The AVR uses a fully digital controller, which is implemented by a fixed-point digital signal processor (DSP) TMS320F240 DSP-based board. Therefore, the proposed AVR gives high efficiency and reliability. It is also shown via some experimental results that the presented novel PS-PWM AVR gives good performance for high quality of the output voltage.
I. INTRODUCTION
With the modem industry advance day by day, the production equipments of automation become more and more precise. So the requirement of power quality becomes higher. Power quality problems commonly face industrial operations including transients, sags, swells, surges, outages, harmonics, and impulses that vary in quantity or magnitude of the voltage. Of these, voltage sags and extended undervoltages have the largest negative impact on industrial productivity, and could be the most important factors of power quality variation for many industrial and commercial customers. Therefore, the automatic voltage regulator (AVR) of high stability, wide voltage regulation range, and fast dynamic response is required to compensate for the fault of power quality.
The conventional voltage regulator mainly has used servomotor to change the tap-changing transformer. But the faults are as follows: large size of the mechanism, slower dynamic response, mechanical attrition and lower efficiency etc. Therefore, the conventional voltage regulator cannot be used in precision equipment. In recent years, development of the AC voltage-voltage Converter and AC chopper has been used in AVR [ 11- [7] . 
PROPOSED SWITCHING STRATEGY FOR

AVR
The main power circuit of system is shown in Fig. 2 is based on the same circuit structure as 121, but the switching strategy is innovative. Fig. 2 shows two parts of the power circuit, the left dotted line block and the right one are the active rectifier and the inverter, respectively. In the following, their operational principles and functions will be illustrated.
A. DESCRIPTION OF THE ACTIVE RECTIFIER
Consider the active rectifier shown in Fig. 2 . When switches S , , SJR are tumed on, the waveforms ofAC input are changed from negative to positive. Thus, the sine wave ofAC input is rectified to a signal greater than zero. Because the active switches are substituted for the passive ones, it is called active rectifier. The forward voItages on the active switch and the passive one are 0.2 volt and 0.7 volt, respectively. Hence, the forward voltage of active switch is lower as compared with the passive diode rectifier. However, using the active rectifier not only reduces power loss on the switches, but also increases the power factor at the AC line input. Therefore, it is suitably used high power applications. However, it should be noticed that during the positive period of AC line input, the duty ratio is limited to greater than 50% for the switches S i and S4. On the contrary, during the negative period of AC line input, the duty ratio is limited to less than 50% for the switches SI and S4.
To clearly explain the operational concepts of the switching strategy, in the following, more details will be given. For convenient illustration, the input voltage will be assumed to be a DC value and the characteristics of all components will be considered in ideally. 
Thus, inserting (7) into (6) gives (2) Duty ratio D S O W
In this condition, interval 5 is fmdy discussed.
Dlning the interval 5, SI and S3 are turned on, and SI and S4 are turned off. It is seen that V, is equal to zero and VL is:
Next, during the interval 6, because 5 2 and S, are turned on, and S, and & are turned off. Vsw reverses to 
/ i
Negative -1 Fig. 6 . Vdv, contrasts with the D Fig. 6 shows the relation, which contrasts the F ' P i witb the duty ratio D. When D >50%, the output voltage is in phase to the input. When D=50%, the output voltage is zero. When D <50%, the output voltage is reverse to the input. Accordingly, it is obvious that one only need to adjust the duty ratio D to obtain an in phase or reverse voltage to the input waveform. From B e foregoing analysis, the waveforms are repeated for V,, and VL during one switching cycle (intervals 1-4 or intervals 5-6). In other words, the output k p n c y will be double to the switching fiequency of the each switch. That is where fo is the oufput fiequency and fm is the actual switching fiequency.
Consequently, it can be concluded that the proposed novel switching strategy can reduce the switching fkequency of the switch to reduce the switching losses. The most important is that it doubles the output fkquency; as a result, the total harmonic distortion and the specification of LC filter are reduced. Fig. 7 shows the corresponding signal waveforms of the inverter using the proposed novel switching strategy.
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Fig. 12. Input and output voltage waveform when
input is long-term overvoltage. 
IV. EXPERIMENTAL RESULTS
The proposed novel switching strategy has been implemented in a novel AVR according to the structure block diagrams for this system shown in Fig. 8 . Fig. 9 shows the real hardware experimental system of a 10 RVA novel single-phase PS-PWM AIR prototype. Table   I shows the experimental parameters and conditions for this system. Figs. 10-14 show the experimental results.
In Fig. 10 , one can see the output P W M fiequency doubles the switching lkquency. 
V. CONCLUSIONS
In this study, a fixed-point, high-speed cost-effective DSP (TMS320F240) is used to implement the fully digital controller of the proposed voltage regdator. It has been demonstrated through experimental results that the proposed novel switching strategy can lower the switching fiequency of the switch to reduce the switching losses. The most important is that it doubles the output frequency; as a result, the total h o n i c distortion and the specification of LC filter are reduced.
The proposed novel PS-PWM AVR has the following features:
allows any schemes of the single-phase full-bridge inverter. fast dynamic response for AC voltage regulation. reduces switching losses and total harmonic distortions. reduces the LC filter size. improves the input power factor and power quality. a fully digital design to lower total system cost and improves reliability.
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